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88
The aims of this study are to demonstrate how collapses of the WAIS or the GIS would 89 impact the tides, and how these impacts could propagate through to key processes and 90 pathways in the global climate system. Clark et al. [2016] suggest that, if global greenhouse 91 gas emissions continue at rates similar to present, the Earth will be committed to ice sheet 92 loss from large parts of the WAIS and GIS during the coming millennia and Kopp et al.
93
[2009] highlight full or partial ice sheet collapses for the LIG. We deliberately collapse 94 the entire ice sheets to provide the response to the most extreme scenario in order to 
Simulations and analysis
To demonstrate how collapses of the WAIS or the GIS would impact the tide, and how 106 these impacts could propagate through to key process and pathways in the global climate 107 system, nine numerical tidal model simulations using the forward component of the Oregon strained purely hydrodynamic tidal models, OTIS produces high accuracies both in the 126 open ocean and in coastal regions [Stammer et al., 2014] , and is computationally efficient. Antarctica on water column thickness by reducing water depth by 0.9×ice thickness from 169 the ETOPO1 database which accounts for the density differences between ice and water.
170
The difference in extent between grounded ice and the total ice extent can be seen in 1. 
204
A value of log 10 (k) = 2.5 was used to mark the transition between mixed and stratified 205 waters, with log 10 (k) > 2.5 representing stratified waters and log 10 (k) < 2.5 mixed waters and the divergence of the tidal energy flux, P :
211
The work done by the tide is the sum of two work terms and their corresponding frictional 212 losses expressed as
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where rho 0 is mean ocean density and and denote the time averages. The energy flux
215
P is given by
217 3. Results
Validation
The tidal amplitudes of the CTRL simulation were evaluated against the TPXO8 ulations when compared to the CTRL simulation (see Fig. 3 ). In the No WAIS case, The reason for the large differences between the fingerprint and the uniform simulation 
311
These results highlight that tidal amplitude changes at a given location are related to 
Dissipation
Pronounced changes in tidal energy dissipation occur throughout the different ocean 336 basins in response to the changes in tidal processes (see Fig. 7 , Fig. 8 and the Atlantic in all three simulations (Fig. 7d) . This includes decreases on the Amazon close to the ice sheets) but the magnitude changes are generally greater.
362
The changes in shelf-sea dissipation are predicted to lead to changes in the extent of 363 seasonal stratification in a number of temperate and polar shelf seas (see Table 2 and 
Discussion
We have investigated the impact of large-scale ice-sheet collapses on the tides and 372 tidally-driven processes. Our results show prominent global changes in both tidal dy-373 namics and tidally-driven processes in response to the removal of the WAIS and the GIS.
374
These results are applicable for changes that may occur in a warming world, and also
375
for the LIG which is often considered an analogy for our climate system in the next few 376 millennia [e.g., IPCC , 2013].
377
We have compared simulations forced with spatially varying sea-level projections com- 
405
The largest amplitude changes occur along coastlines and are heterogeneous in nature.
406
In particular, the east and west Pacific margins see large increases in tidal amplitudes seasonally-stratified water is predicted to increase whereas in the Bering Sea (which is 419 home to a globally-important fishery [FAO, 2014] ), the areal extent is predicted to shrink.
420
In most shelf seas large shifts in the location of the mixing fronts occur for all scenarios.
421
Our results suggest that the tidally driven changes in shelf-sea oceanography could be 422 large enough to significantly impact ecosystems and the cycling of carbon and nutrients
423
via the shelf sea pump in these systems.
424
The increased deep-water dissipation rates seen for the central and northern Pacific may 
435
We have assumed that global ocean stratification remains unaffected by the addition 436 of melt water from the ice sheets despite the potential of it changing the tidal conversion 
